cDNA library of Myrmecia incisa H4301 was constructed using λ phage vectors. The library consisted of 1.5×10 6 clones with a recombination rate of 90%, and 1942 clones were randomly sequenced. All 1854 readable expressed sequence tags (ESTs) were clustered into 596 non-redundant sequences (NRSs), among which 126 NRSs were from 1384 ESTs, showing a high redundancy. Among the 596 NRSs, 30 were ribosomal RNA, and 152 significantly matched with those available in NCBI database and JGI Genome Portal, the latter were divided into nine subcategories. Overall, 59 NRSs were involved in photosynthesis, the respiratory electron transport chain, ATP synthesis, oxidation reduction, fatty acid biosynthesis, glucose metabolism, protein metabolism, and small molecular metabolism, suggesting that these genes were abundantly transcribed during energy and substance metabolism. Acyl-carrier protein, ferrodoxin and fatty acid elongase genes obtained from this cDNA library enabled presumption of a possible biosynthesis pathway of ArA in M. incisa. Codon usage analysis of 142 NRSs with 17798 codons in the predicted coding regions showed that the average G+C content level of the total codons was 55.39%, and that of the third position in base trimers was 66.42%, indicating a strong bias toward cytosine and/or guanosine in this algal genome. Among all synonymous codons, NAG was most favored, while NUA was most avoided. Phylogenic trees inferred from ribulose-1,5-bisphosphate carboxylase/oxygenase small subunit genes and the extra partial sequences of 18S rRNA obtained from this library demonstrated that M. incisa belonged to Trebouxiophyceae and was significantly clustered with M. incisa SAG 2007, Lobosphaera tirolensis, M. bisecta, and Parietochloris incisa, but was clearly distant from P. pseudoalveolaris and P. alveolar. Transmission electron microscopy revealed pyrenoids traversed by many parallel thylakoids membranes, while starch grains were only clearly observed when cells were grown under nitrogen stress. Based on combined investigation of the phylogeny and morphological characteristics, it is proposed that M. incisa be kept in the genus Myrmecia in which there might be two parallel groups, one living freely and another symbiotic species. 
Myrmecia incisa Reisigl, a coccoid green microalga, is one species of Trebouxiophyceae, Chlorophyta [1] . The taxonomic position of this organism has been the subject of debate since it was first characterized. In the Culture Collection Algae of Charles University of Prague (CAUP), strain H4301 is named Myrmecia incisa Reisigl based on the description by Reisigl [1] . However, in Romania the same organism is named Lobococcus incisus (Reisigl) Reisigl, which is a synonym of M. incisa [2] . From observation of pyrenoids and zoospores with counterclockwise basal body orientation, Watanabe et al. [3] proposed that a strain of M. incisa isolated from the soil of Mt. Tateyama in Japan be reclassified into a different genus, Parietochloris incisa (Reisigl) Watanabe comb. nov (Trebouxiophyceae, Chlorophyta). Based on the phylogeny of the rRNA sequence and the presence of a UV-absorbing mycosporine-like amino acid, Karsten et al. [4] suggested that this species be designated as Lobosphaera incisa (Reisigl) U. Karsten in Trebouxiophyceae.
Recently, M. incisa was found to be an oleaginous alga that can accumulate an unprecedentedly high level of arachidonic acid (ArA, 20:46)-rich triacylglycerols (TAG) in cytoplasmic lipid bodies [5] [6] [7] [8] [9] [10] [11] . Under nitrogen starvation culture conditions with a light intensity of 120 μmol photons m -2 s -1 for 27 d, the content of total fatty acids in M. incisa increased by 95% when compared with that cultured in complete BG-11 medium. ArA accounts for 7% of the dry weight biomass [10] . Among the total fatty acids in polar lipids extracted from this alga, ArA accounts for 22%, while in neutral lipids, this value increases to 50%. In addition, 76% of the intercellular ArA accumulated in the form of neutral lipids, which increased one fold in this alga when grown under nitrogen starvation conditions (unpublished data). Therefore, this species could be regarded as a potential candidate for commercial production of ArA, which is a pharmaceutically valuable long-chain polyunsaturated fatty acid (PUFA), by use of massive culture with photobioreactors [12] [13] [14] . This species also has the potential for use in studies of the metabolic pathway of ArA.
Labeling with [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C] oleic acid has been used to elucidate the biosynthesis of ArA in M. incisa [15] . This technique has shown that phosphatidylcholine (PC) and diacylglyceryl-trimethylhomoserine (DGTS) are the major lipids involved as acyl carriers for the ∆12 and ∆6 desaturation of oleic acid, which lead sequentially to linoleic acid and γ-linolenic acid, respectively. The latter is released from their lipid carriers and elongated to 20:3n-6, which is primarily reincorporated into phosphatidylethanolamine (PE) and PC and finally desaturated to ArA. However, there is little other information available about the metabolic mechanism of fatty acids in M. incisa, especially at the molecular level [11, 16, 17] .
Expressed sequence tags (ESTs), which are generated by sequencing randomly selected clones from a cDNA library, have been shown to be very useful for functional comparisons of expressed gene populations and a powerful tool for gene discovery in the model organism Chlamydomonas reinhardtii [18] [19] [20] [21] [22] . EST analyses are especially useful when knowledge about the genome under investigation is limited, such as in the case of the green microalgae, Scherffelia dubia [23] , Mesostigma viride [24] , Ostreococcus lucimarinus [25] , Nannochloropsis oculata [26] and Dunaliella salina [27] . Catalogs of ESTs are also valuable resources for the development of molecular tools and analysis methods. Sequences can be used for microarray analysis, molecular systematics, vector construction and primer design.
Hence, to obtain more information about M. incisa, especially regarding the mechanism of PUFA biosynthesis and accumulation under stressed conditions, a cDNA library was constructed from a mixture sample of this alga grown under normal and stressed (nitrogen starvation) conditions. Additionally, the systematic position of this alga is discussed based on the phylogenies inferred from the small subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) and partial 18S rRNA gene sequences obtained from the generated cDNA library.
Materials and methods

Algal species and cultivation conditions
The microalga, Myrmecia incisa H4301, was commercially provided by CAUP. This alga was cultivated in BG-11 medium [28] in 800-mL glass flasks, which were placed in a temperature-regulated photoincubator at 25°C and illuminated from the side with a light: dark regime of 12 h:12 h by Phillips (Amsterdam, Holland) cool-white fluorescent tubes (40 W) at a light irradiance of 115 mol photons m -2 s -1 [6] . During culture, the flasks were shaken several times a day by hand at regular intervals. Algal cells were harvested in the late logarithmic growth phase by centrifugation at 2300×g, after which they were washed three times with nitrogen-free fresh BG-11 medium in which ferric ammonium citrate was substituted with ferric citrate. The collected algal cells were divided into two equal portions for subsequent treatment in an attempt to maximize the variety of expressed genes, especially those related to fatty acid synthesis and accumulation of neutral lipids. One portion was re-suspended in normal medium, while the other was cultivated in nitrogen-free medium. Both cultures were then incubated under the conditions described above for another 7 d before harvest. The samples were then washed with fresh media with or without nitrogen, mixed together and stored in liquid nitrogen for total RNA extraction.
RNA extraction and cDNA library construction
Total RNA was extracted using TRIzol reagent (Invitrogen, USA). A non-normalized cDNA library was constructed using the SMART TM cDNA Library Construction Kit (Clontech, USA) according to the manufacturer's instructions. Complementary DNA synthesis was conducted using long-distance PCR (LD PCR) [29] [32] . Sequences detailed in the present study have been deposited in the NCBI database.
Construction of phylogenic trees
Although the rRNA sequence was not expected to be screened in a cDNA library, it could provide extra information regarding the taxonomic position of M. incisa analysis. Two independent types of data analyses were used to assess the evolutionary relationships resolved in the rRNA and ribulose-1,5-bisphosphate carboxylase/oxygenase small subunit (rbcS) phylogenies with the neighbor-joining (NJ) and maximum parsimony (MP) methods in MEGA 4 [33] .
The 18S rRNA sequence and rbcS amino acid sequence of M. incisa were obtained from the cDNA library, while sequences used for comparison were retained from GenBank. All accession numbers are presented in the phylogenic trees. Homologous sequences were aligned using Clustal X [34] with the default parameter settings. During NJ analysis, the Tamura and Nei model was selected. Support for internal branches in the MP and NJ trees was estimated using the bootstrap method [35] . Bootstrap resampling was performed with 1000 replications for both the NJ and MP trees.
Ultrastructure observation of M. incisa by transmission electron microscopy (TEM)
Actively growing M. incisa cells cultured in complete BG-11 medium and nitrogen-free BG-11 medium were collected during the exponential phase. Samples for TEM were prepared using the modified protocol of Campbell and Plank [36] . Briefly, the samples were subject to prefixation in 2.5% glutaraldehyde in 0.1 mol L -1 phosphate buffer at pH 7.4 for more than 2 h, after which they were washed with 0.1 mol L -1 phosphate buffer three times. Next, the samples were subject to post-fixation (3 h) with 1% osmium tetroxide in 0.1 mol L -1 phosphate buffer at pH 7.4, and then washed as described above. The samples were subsequently dehydrated in a graded series of ethanol and two times in 100% acetone. Next, the samples were placed in acetone/Spurr's resin (2/1, v/v) for 3-4 h, and then in acetone/Spurr's resin (1/2, v/v) overnight, and finally incubated in 100% Spurr's resin for 2-3 h at 37°C. Finally, the embedded samples were polymerized in a temperature gradient and thin-sectioned using an ultracut microtome (LKB Ultrotome 4802; Leica, Germany). The sections were then stained with 3% uranyl acetate-lead citrate, and observed and photographed using a JEOL JEM-1230 Transmission Electron Microscope at 80 kV.
Results
EST cluster analysis of cDNA library from M. incisa
Single-pass nucleotide sequences were obtained from a total of 1942 clones selected at random from the cDNA library of M. incisa, which consisted of 1.5×10 6 clones, approximately 90% of which were recombinant. Overall, 4.53% (88 ESTs) of these sequences were found to contain no insert or be too short for analysis (<100 bp), and thus were not considered. The remaining 1854 readable sequences comprised 596 non-redundant sequences (NRSs), which included 470 tentative unique singletons (TUSs) and 126 tentative unique contigs (TUCs). The latter was assembled from the remaining 1384 ESTs (Table 1) , showing a relatively high redundancy. This might have been because the constructed cDNA library is a non-normalized cDNA library, which is much more redundant but could provide raw information regarding the structure of gene expression levels [37] [38] [39] . The lengths of the TUSs and TUCs ranged from 106 to 1026 bp with an average of 483 bp and from 103 to 1278 bp with an average of 571 bp, respectively, indicating that the EST sequences were credible and suitable for further analysis.
The 126 TUCs contained a minimum of 2 ESTs and a maximum of 385 ESTs (Figure 1 ). Approximately 52.4% of the TUCs had 2 ESTs, 25.4% had 3-4 ESTs, and 22.2% had more than 5 ESTs. The TUCs made from the largest number of ESTs from M. incisa were the large (385 ESTs) or small (173 ESTs) subunits of chloroplast ribosomal RNA genes ( Table 2) , followed by the large subunits of mitochondrion (133 ESTs) and chloroplast (60 ESTs) ribosomal RNA genes. The rest of the ten most abundant TUCs, which 
Functional annotation and categorization
Excluding 30 NRSs that were similar to rRNA genes while searching in the nucleotide sequence, the rest were classified into two categories based on their putative functions: significant matches (26.86%) to sequences in the public database, and no significant matches (73.14%) (Figure 2 ). The 152 NRSs with significant matches were divided into nine subcategories: signal transduction (2.63%), stress response (1.31%), substance metabolism (11.18%), energy metabolism (27.63%), genetic translation factors (28.95%) including the large and small subunits of the ribosomal protein, genetic transcription factors (4.61%), substrate transmembrane transport (4.61%), other functions (3.29%) and unknown proteins containing hypothetical proteins, predicted proteins and unnamed proteins (15.79%).
As shown in Table S1 , the NRSs in the subcategory of substance metabolism were mainly involved in glucose (2 NRSs), small molecule (7 NRSs), protein (4 NRSs) and fatty acid biosynthesis (4 NRSs), while those in the subcategory of energy metabolism were primarily involved in photosynthesis (15 NRSs), oxidation reduction (14 NRSs), ATP synthesis (9 NRSs) and the respiratory electron transport chain (4 NRSs). Highly significant matches most frequently obtained sequences from algae (79 NRSs) and higher plants (47 NRSs) (Figure 2 ). Ten NRSs showed the highest similarity to bacteria, eight to fungi, and the rest had significant matches to animals and other sequences, such as synthetic constructs (Figure 2) .
Four NRSs directly involved in fatty acid metabolism and accumulation were identified (Table S1 ). One TUS 535 bp (SZ_06_07) and another 431 bp in length (GenBank accession No. FF848273) had significant similarity with the acyl-carrier protein gene (identity, 76%; E-value, 3×10 -24 ) and phosphatidylglycerolphosphate synthase gene (identity, 81%; E-value, 2×10 -18 ) of Chlamydomonas reinhardtii, respectively, indicating that these genes involved in the phospholipid synthesis pathway of M. incisa might be similar to C. reinhardtii. The other two TUS had 56% (E-value, 6×10
-10 ) and 92% (E-value, 1×10 -5 ) similarity to polyunsaturated fatty acid elongase from Marchantia polymorpha L. and carboxylesterase from Marinobacter algicola DG893, respectively.
One NRS (GenBank accession No. FF848334) 600 bp in length was identified as putative ferredoxin, which is considered an electron donor for double bond introduction into fatty acids by acyl-lipid desaturases in cyanobacterial cells and chloroplasts.
Codon usage and G/C-content analysis
A codon usage analysis of 142 NRSs (100 TUSs and 42 TUCs) with 17798 codons in the predicted coding regions indicated a strong bias (>60%) for guanosine and/or cytosine at the third position of triplet codons for Leu, Ile, Val, Tyr, His, Gln, Asp, Lys, Asn, Glu, Cys, Arg and Gly. A weaker G/C preference (>50%) was observed for several hydrophobic amino acids, including Phe, Ser, Thr and Ala, but no bias was found for Pro (Table 3) . If there was a choice between C and G, cytosine was preferred for the amino acids mentioned above, except for the two hydrophobic amino acids Leu and Val. For the entire collection of NRSs, the percentage occupation of the third position of all codons was U=18.04%, A=14.13%, C=35.13% and G=32.70%. Additionally, the results suggest that this alga prefers to use UAG as a stop codon, as indicated by usage ratios of UAA, UAG and UGA of 26.51%, 39.76% and 33.73%, respectively. Synonymous codon bias showed that NAG (N representing A, U, G and C) was most favored, while NUA was most avoided.
The average level of total G+C content of these 142 NRSs was 55.39%, of which 28.87% (at a frequency of 41) were higher than 60%, while the average level of G+C content at the third position was 66.42%, of which 82.39% (at a frequency of 117) were higher than 60% (Figure 3) . Based on the G/C content, amino acids were divided into a high G/C content class (>66%), composed of Pro, Ala, Gly and Trp, a middle G/C content class (>50%) containing Val, Thr, His, Glu, Asp, Gln, Cys and Ser, and a low G/C content class consisting of Phe, Tyr, Asn, Lys, Ile and Met. Arg and Leu were not assigned to any of these classes because Arg consisted of both a high G/C content class and a middle G/C content class, while Leu consisted of both a middle G/C content and low G/C content class. Amino acid cost analysis showed that the top five amino acid components in the aforementioned putative proteins were Leu, Ala, Val, Gly and Lys, which was consistent with the total G/C and the third position G/C contents (data not shown).
Phylogenic analysis
A putative full-length RuBisCO small subunit gene (GenBank accession No. EU797508) with abundant transcripts (27 ESTs) was obtained from the cDNA library. The gene consisted of a 76-bp 5ʹ-untranslated region (UTR), a 462-bp 3ʹ-UTR and a 570-bp open reading frame (ORF) encoding 189 amino acids. The gene had 66% identity to the chloroplast rbcS from Chlorella pyrenoidosa with an E-value of 6×10 -59 . Based on the deduced peptide sequences of rbcS of this alga and other selected species, a NJ phylogenic tree was constructed using a set of MP tree bootstrap values to confirm the results (Figure 4(a) ).
M. incisa was first clustered with Chlorella and Nannochloris constituting an independent lineage within the Trebouxiophyceae, which was different from Ulvophyceae and Chlorophyceae in Chlorophyta (Figure 4(a) ). These three classes were then clustered with Euglenophyta and higher plants, suggesting that the rbcS gene in this microalga was encoded by nuclear genome as in other chlorophytes and higher plants. Four classes of Chlorophyta were resolved in this constructed phylogenic dendrogram, but Prasinophyceae including Ostreococcus tauri was separated by Euglenophyta and higher plants. The clade consisting of Chlorophyta, Euglenophyta and higher plants was distinct from the other clade with a bootstrap value of 69 ( Figure  4(a) ). The latter included cyanobacteria, Heterokontophyta, Haptophyta, Rhodophyta, Cryptophyta, Xanthophyta, Bacillariophyta and Phaeophyta, in which the rbcS gene was encoded by the plastid genome.
A partial nuclear-encoded small-subunit ribosomal RNA (18S rRNA) gene (GenBank accession No. FJ384550) 472 bp in length was annotated to the 18S ribosomal RNA gene from M. incisa strain SAG 2007 with 99% identity at an E-value of zero. The 18S rRNA sequence comparisons demonstrated that M. incisa H4301 was highly related to M. incisa SAG 2007, L. tirolensis, M. bisecta and P. incisa, which was supported by NJ and MP bootstrap values of 91 and 95, respectively (Figure 4(b) ). In the genus of Myrmecia, the other species characterized by symbiosis with lichens were also significantly clustered together at a NJ bootstrap value of 100 (Figure 4(b) ). This phylogenic tree suggested that Myrmecia might be a paraphyletic taxon, but this genus was distinct from the Parietochloris genus, which formed a cluster with P. pseudoalveolaris and P. alveolaris as a sister group with species from Chlorellales and Microthamniales.
Ultrastructural characteristics of M. incisa
Under the light microscope, cells of M. incisa were spherical, ovoid and 10-15 μm in diameter ( Figure 5(a) ). The chloroplast was parietal and deeply incised in several parts, showing various morphologies among individuals. The cell wall of M. incisa was thick, even in spherical cells, and this thickness was greater in the narrower portion of ovoid cells. Transmission electron microscopy showed pyrenoids traversed by many parallel thylakoids membranes (Figures 5(b) and (c)). Starch grains appeared around the pyrenoid when the algal cells were cultured in nitrogen-free BG-11 medium for 15 d, but were absent when cells were in the exponential phase in the complete BG-11 medium. These findings suggest that starches were usually scarce while cells were in the normal culture medium, so that pyrenoids might easily be overlooked by light microscopy analysis of M. incisa. 
Discussion
Biosynthesis of ArA in M. incisa
Arachidonic acid is produced from stearic acid by desaturation and elongation in this alga as suggested by Bigogno et al. [15] . However, stearic acid is formed de novo by condensation from 2C units. Although only 152 NRSs are annotated in this cDNA library, one (SZ_06_07) is homologous to the acyl carrier protein gene from C. reinhardtii Dang. This suggests that M. incisa can mediate fatty acid synthesis in the activated form of acyl-acyl carrier protein in a fashion similar to other plants, including algae and most bacteria [40] .
Ferredoxin, which plays an important role as a cofactor in many biological reactions, is also considered an electron donor for double bond introduction into fatty acids by acyl-lipid desaturases in cyanobacterial cells and chloroplasts [41] . It seems reasonable to suggest that M. incisa chloroplasts have an essential cofactor for fatty acid desaturation because one NRS (GenBank accession No. FF848334) was highly homologous with the chloroplast ferredoxin gene from Micromonas pusilla CCMP1545. Unfortunately, no desaturase gene was screened from this cDNA library, possibly because there were too few sequences. However, a 3 fatty acid desaturase gene was cloned from this microalga using a pair of degenerated primers, and the transcription profile of this gene showed that this desaturase plays an important role in -linolenic acid (18:33, ALA) synthesis by allocating linoleic acid (18:26, LA) in this way under normal culture conditions [9] .
Elongation catalyzed by fatty acid elongases from 18-carbon enoyl acid is regarded as a key step in long-chain fatty acid biosynthesis [42] . Based on the clone (SZ_07_83) screened from this cDNA library of M. incisa, a fatty acid elongase gene has been cloned [11] and confirmed to elongate γ-linolenic acid (18:36, GLA) and 18:43 [43] . The transcription of this gene was found to be enhanced prior to ArA content accumulation, suggesting it may be responsible for the ArA accumulation in this microalga cultured under nitrogen starvation conditions [11] , which is consistent with the results of a study conducted by Iskandarov et al. [17] . Hence, a possible synthesis pathway of ArA in M. incisa was hypothesized to start from oleic acid via LA, GLA and 20:36 to the final ArA ( Figure 6 ).
In general, acyl-carrier protein, ferredoxin and fatty acid elongase genes enable M. incisa to conduct de novo synthesis of ArA. Therefore, it is very clear that the EST approach has enabled examination and isolation of many transcripts from M. incisa, which is difficult to achieve by single-gene research. In addition, these findings have provided a foundation of the biological processes involved. Moreover, the materials and information derived will be useful for preparation of gene arrays for future functional genomic research and understanding fundamental aspects of the growth and physiology of this oleaginous green microalga.
Codon usage in M. incisa
Amino acids encoded by four or six synonymous codons in M. incisa favored C in the third position, excluding those encoded by NUG. This phenomenon has also been observed in Chlamydomonas reinhardtii, Parachlorella kessleri, Ostreococcus tauri, Ostreococcus lucimarinus, and Synechococcus sp. CC9605 (data from http://www.kazusa.or.jp/ codon/). Shi et al. [44] indicated that human genes contained significantly biased codons, with high codonanticodon interaction energy, in which the third position is cytosine. Therefore, the favorite C-ending codons in M. incisa, which has the strongest codon-anticodon binding energies, might be very helpful in guaranteeing the fidelity of genes translation. Moreover, the base trimer CUG was predominant in encoding Leu, which was one of the top five amino acids used. These findings are reasonable because Leu is a major ingredient of proteins rich in secondary structures and Leu-encoding CTG is a universally preponderant Leu codon [45] .
The efficiency of translation of some codons can be modulated by the codon context, and the rules for preferable synonymous codon choice in highly expressed genes depend on the nucleotides surrounding the codon present in Escherichia coli [46] . Ohno [47] reported that UA/CG deficiency-UG/CU excess was a universal rule for coding sequence construction based on analysis of the coding regions of human estrogen receptor, phosphoglycerate kinase, pollen-stigma self-incompatibility protein of the mustard plant and rainbow trout H1 histone. Among all analyzed synonymous codons in M. incisa, NUA was most avoided as described by Ohno [47] , while NAG was most favored. These findings are concordant with the results observed for C. reinhardtii, P. kessleri, Synechococcus sp. CC9605, and O. lucimarinus (data from http://www.kazusa.or.jp/codon/). This was probably because the systematic evolution position of algae is far from that of mammals, fish and higher plants. Different binding energies among synonymous codons might be used to suit certain situations to the translation process.
Taxonomy position of M. incisa
Seven species in the genus Myrmecia, M. globosa Printz., M. incisa Reisigl., M. macronucleata (Deason) V. andr. comb. nov., M. biatorellae (Tschermak-Woess et Plessl) B. -Peters., M. bisecta Reisigl., M. astigmatica Vinatzer., and M. reticulata Tschermak-Woess, have been described and reviewed by Andreyeva [48] . Based on the small subunit of ribosomal RNA genes, these species belong to the class Trebouxiophyceae, as indicated by Friedl [49] . In the present study, the phylogenic tree (Figure 4(a) ) inferred from the putative RuBisCO small subunit amino acid sequences provided further molecular evidence that M. incisa belongs to this class. Because there are no more RuBisCO small subunit amino acid sequences available from other species of Myrmecia in the public database (with the exception of M. incisa), it seems reasonable that there is no more detailed specific classification of this genus based on this constructed phylogeny (Figure 4(a) ).
Since the morphological description by Reisigl in 1964 [1] , the taxonomic position of M. incisa is still in debate [2] [3] [4] . This doubt was not well resolved by Friedl [49] using the small subunit of ribosomal RNA genes, possibly because no data was available about this species at that time. Fortunately, more data describing the 18S rRNA gene were obtained from this cDNA library, which enable further classification of Myrmecia [50] . The phylogenic analysis of the partial sequence of 18S rRNA (Figure 4(b) ) indicates that Myrmecia might be a paraphyletic taxon consisting of lichen symbionts and free-living species as described by Friedl [49] . Watanabe et al. [3] proposed that M. incisa should be reclassified into a different genus, Parietochloris, because of the pyrenoids and counterclockwise basal body orientation of zoospores observed upon electron microscopy. It is necessary to point out that the counterclockwise absolute orientation of zoospore basal bodies described by Friedl [49] is a common feature of Trebouxiophyceae, so it does not seem to be useful as a criterion for identification among species in Trebouxiophyceae. Pyrenoids can be used as a criterion for the classification of algae, and Myrmecia were found to have pyrenoids by Metting [52] . However, it should be noted that investigation of the presence of pyrenoids by light microscopy is not highly effective because of the lack of starches [53] . Using transmission electron microscopy, pyrenoids traversed by many parallel thylakoids membranes were observed in this study, and starch grains were clearly observed only when cells were grown under nitrogen stress conditions ( Figure 5 ), which is consistent with the results of a study conducted by Merzlyak et al. [8] . Therefore, the appearance of pyrenoids was likely overlooked by Tschermak-Woess and Plessl [54] and Reisigl [1] when they observed the cellular structure of Myrmecia using only light microscopes. In addition, the cell walls observed in this study were partially thickened, which differs from that of Parietochloris [55] , suggesting that this species differs from Parietochloris. Taking the present morphology and phylogenic analysis together as an integrative taxonomy as suggested by Dayrat [56] , it is proposed that this species should be a member of Myrmecia, and Parietochloris incisa retain the previous name Myrmecia incisa. 
